The effectiveness of pulsatile gonadotropin-releasing hormone (GnRH) therapy in patients with congenital combined pituitary hormone deficiency (CCPHD) has not been investigated because of the limited number of patients, as well as these patients' presumed pituitary hypoplasia, poor gonadotrophic cell reserve, and impaired gonadotrophic response to GnRH.
C ongenital combined pituitary hormone deficiency (CCPHD) is a disease that features short stature and absence of puberty (1) (2) (3) . Many patients with CCPHD also show absence of the pituitary stalk, also referred to as pituitary stalk interruption syndrome (PSIS). PSIS is a developmental defect characterized by a triad of morphologic anomalies that can be visualized by pituitary magnetic resonance imaging (MRI), including an absent or thin pituitary stalk, pituitary hypoplasia, and/or ectopic neurohypophysis (4, 5) . Furthermore, CCPHD has been associated with other midline malformations, such as a cleft lip and palate, short cervical spine, and/or limited neck rotation (2, 6) .
Despite its clinical presence, the mechanisms underlying CCPHD have yet to be fully determined. Several environmental and genetic factors have been implicated. For instance, a high incidence of adverse perinatal events (e.g., breech presentation) in patients with CCPHD suggested that mechanical injury may contribute to breakage of the pituitary stalk and subsequent CCPHD (4) . Currently, data derived predominantly from familial cases and patients with specific morphologic anomalies associated with PSIS support the view that PSIS may be caused by genetic aberrations (7) (8) (9) (10) . However, genetic mutations have been identified in only ,5% of patients with PSIS (1, 2, 9, 11, 12) , leaving the cause for most patients with this disease unresolved.
Given the underlying pituitary abnormalities, it should come as no surprise that patients with CCPHD often present with multiple pituitary hormone deficiencies. Gonadotropin deficiency occurs in approximately 76.9% to 100% of patients (1, 13, 14) , and sex hormone replacement is the primary form of therapy. If a male patient desires fertility, combined gonadotropin therapy is required for induction of spermatogenesis (15) .
Pulsatile administration of gonadotropin-releasing hormone (GnRH) is effective in activating the pituitarygonadal axis. This approach can result in induction of spermatogenesis in approximately 75% of patients with congenital hypogonadotropic hypogonadism who have isolated GnRH and gonadotropin deficiencies (16) (17) (18) . The precondition for GnRH therapy is the existence of a normal gonadotrophic cell reservoir in the anterior pituitary gland. Given this, pulsatile GnRH therapy has been presumed to be ineffective in patients with CCPHD; given the hypoplastic or dysplastic pituitary glands in these patients, it has been assumed that no or few gonadotrophs are present.
In this prospective study, we sought to formally evaluate the effectiveness of pulsatile GnRH therapy in male patients with CCPHD. The primary end points were serum gonadotropins, total testosterone levels, and testicular volumes after 3 months of pulsatile GnRH treatment. A secondary end point was the occurrence of spermatogenesis. In contrast to conventional expectations, our study showed that 60% of patients with CCPHD responded well to pulsatile GnRH infusion.
Patients and Methods
This longitudinal, prospective, self-controlled, investigatorinitiated clinical trial included 40 male patients with CCPHD. They were recruited from an existing CCPHD population at Peking Union Medical College Hospital between November 2015 and June 2016. Patients were selected according to the following criteria: (1) absent or incomplete pubertal development by 18 years of age; (2) multiple (at least two) anterior pituitary hormone deficiencies, including gonadotropin deficiencies; and (3) sellar MRI showing (i) an absent, thin, or interrupted pituitary stalk, (ii) pituitary hypoplasia, and/or (iii) ectopic posterior pituitary.
Exclusion criteria were (1) tumor, surgery, and/or radiation in the sellar region; (2) traumatic brain injury; (3) severe systemic disease; (4) testosterone replacement therapy within the past 6 weeks or gonadotropin injection within the past 6 months; and (5) history of cryptorchidism.
Baseline clinical and biochemical evaluation
A detailed medical history was taken upon each patient's first visit to the hospital. Information gathered included labor and delivery conditions, gestational age, neonatal hypoxemia, micropenis, cryptorchidism, and presence of other malformations.
Complete evaluation of the anterior pituitary function was performed in all patients at the time of initial diagnosis and was repeated during follow-up as indicated.
Growth hormone (GH) deficiency was defined as peak GH level less than 10 mg/L after two pharmacologic stimulation tests (insulin-induced hypoglycemic GH stimulation test and levodopa GH stimulation test) (19) . Thyroid-stimulating hormone (TSH) deficiency was defined as a low serum free thyroxine level (,1.04 ng/dL) associated with an inappropriately low or normal serum TSH level (normal range, 0.38 to 4.34 mIU/L). Adrenocorticotropic hormone (ACTH) deficiency was defined as a morning basal cortisol (8 AM) value of less than 138 nmol/L associated with an inappropriately low or normal ACTH level (20) . Gonadotropin deficiency was defined as delayed or absent pubertal development with a low serum testosterone level (,3.47 nmol/L) associated with inappropriately low or normal luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels. CCPHD was defined as the presence of hormone deficiency affecting at least two anterior pituitary hormone lineages. The absence of polyuria (urinary volume , 3 L) and a urinary osmolality above 600 mOsm/L in a morning urine sample defined normal posterior pituitary function (21) .
MRI
Pituitary MRI was performed with sagittal and coronal T1-weighted sequences and axial T2-weighted sequences. The pituitary height was the perpendicular measurement giving the greatest distance between the base and top of the gland on a sagittal T1-weighted image. The pituitary stalk was considered "interrupted" when it was not visible over its entire length and "thin" when its diameter was below 2 mm with a very spindly appearance. The pituitary stalk was considered "absent" when it was not visible at all. The precise location and presence of the posterior pituitary bright spot were also established by using MRI. Any other malformations and/or midline abnormalities present were also recorded.
Interventions
Pulsatile GnRH (Fengyuan Pharmaceutical Co., Anhui Province, China) was administered subcutaneously via a portable infusion pump (Weichuang Medical Science Co., Shanghai, China) for at least 3 months. The GnRH dose was chosen on the basis of the results of previous studies among patients with congenital hypogonadotropic hypogonadism (22) . Participants were evaluated at baseline at Peking Union Medical College Hospital, with follow-up assessments at 1 and 3 months. Adherence was assessed at each visit by participant report. In each patient, the GnRH dose was initiated at 10 mg/90 minutes and was progressively adjusted to maintain serum testosterone levels of 6.94 to 17.35 nmol/L (200 to 500 ng/dL). The maximum GnRH dose was set at 15 mg/90 minutes. The dose of glucocorticoids and levothyroxine was adjusted according to hormonal levels and clinical response.
Outcome measurements
At each visit, stage of pubertal development was evaluated according to Tanner stage criteria (23) . Testicular volume was measured by using a Prader orchidometer, and the mean value of bilateral testicular volumes was used in all subsequent data analysis. A morning fasting blood sample was taken to measure total serum testosterone, thyroid function, and LH and FSH levels. For patients who were able to ejaculate, a standard seminal fluid analysis was conducted (24) . Sperm appearance was defined as at least one sperm in the semen.
Laboratory analysis
GH, insulin-like growth factor 1, plasma free triiodothyronine, free thyroxine, TSH, prolactin, cortisol (at 8:00 AM), and ACTH (at 8:00 AM) were measured by chemiluminescent methods. FSH, LH, and total testosterone were measured with commercial chemiluminescence kits (ACS:180; Automatic Chemiluminescence Systems, Bayer, Germany). The intra-and interassay variation coefficients were 3.9% and 4.5% for FSH, 2.3% and 2.8% for LH, and 5.6% and 6.6% for total testosterone, respectively.
Ethical statement
The study protocol was reviewed and approved by the ethics committee of the Peking Union Medical College Hospital in China. Written, informed consent was obtained from all participants.
Statistical analysis
SPSS software, version 19.0 (SPSS Inc., Chicago, IL), was used for data analysis. Normally distributed data were described as the mean 6 standard deviation, and data not normally distributed were expressed as median (quartiles). Wilcoxon matched-paired signed-ranks test was performed to analyze differences in testicular volume and serum FSH, LH, and testosterone level in the response group and poor-response group before and after therapy. The independent sample t test and Mann-Whitney test were used to compare values between two subgroups (response and poor-response groups). The rates of each pituitary hormone deficiency and pituitary stalk visibility between the different groups were compared by using a Fisher exact test. Binary logistic regression analysis was used to determine significant factors in affecting the hormonal response to pulsatile GnRH therapy. For all comparisons, P values , 0.05 were considered to indicate statistically significant differences.
Results

Characteristics of patients with CCPHD
In total, 44 patients were eligible as per our inclusion criteria and enrolled in the study. Four patients withdrew from the study for personal reasons (two were unable to return for follow-up visits and two felt that using the pump at work would be an inconvenience). Data from these patients were not included for analysis.
During the study period, the average age was 25.5 6 4.5 years (n = 40). All patients were initially referred for growth retardation during childhood and diagnosed with GH deficiency, and thus previous GH treatment had been administered to all the patients to stimulate growth. In addition, no patients had spontaneous pubertal development. Testosterone or gonadotropins were previously administered intermittently to 29 of 40 patients, before this study. Furthermore, all cases were sporadic. Neither consanguineous parents nor a family history of CCPHD was documented.
On physical examination, all had no or incomplete pubertal development. Other extrapituitary anatomic anomalies, such as retinal dystrophy, anophthalmia or microphthalmia, short cervical spine, or limited neck rotation, were not present in any patients.
Anterior pituitary hormone deficiency
At first assessment, both GH and gonadotropin deficiencies were present in 100% of cases; TSH deficiency, in 85%; ACTH deficiency, in 50%; and diabetes insipidus, in 5% (Table 1; Supplemental Table 1) .
After 3 months of treatment, the mean pulsatile GnRH dose was 11.4 6 1.7 mg/90 minutes (n = 40). The mean levothyroxine dose was 86.0 6 25.5 mg/d (n = 34). For glucocorticoid substitution, the mean hydrocortisone dose was 13.5 6 2.4 mg/d (n = 20). During the study, 18 of 40 patients (8 patients in the response group and 10 in the poor-response group) were administered subcutaneous recombinant human GH (0.4 mg nightly).
Perinatal complications
All patients had perinatal complications, including breech delivery in 38 cases, cesarean delivery due to prolonged labor duration in 1 case, and premature delivery in 1 case. In addition, neonatal asphyxia was reported in 8 cases and intracranial hemorrhage in three cases.
Sellar MRI
Pituitary MRI findings in all patients were consistent with PSIS (Supplemental Fig. 1 
Hormonal response to pulsatile GnRH therapy
According to serum gonadotropin and testosterone levels at 3 months, patients were divided into two groups: response group (n = 24) and poor-response group (n = 16). The response group was defined as patients having a substantial increase in testosterone levels compared with baseline and LH levels within the normal range (1.24 to 8.62 IU/L). Patients in the poor-response group were defined as having no substantial increase in testosterone levels and LH below or within the normal range (Table 2) .
Subgroup analysis
Response group (n = 24)
In this group, serum LH and FSH levels increased to within the normal range ( Fig. 1) . At 3 months, LH levels increased from 0.48 6 0.62 IU/L to 6.01 6 2.61 IU/L (P = 0.00002), FSH levels increased from 1.38 6 1.61 IU/L to 9.33 6 5.76 IU/L (P = 0.00002), total serum testosterone increased from 0.29 6 0.45 nmol/L to 8.67 6 4.83 nmol/L (P = 0.00002), and testicular volume significantly increased from 3.3 6 2.9 mL to 6.0 6 2.9 mL (P = 0.00005). During follow-up, 8 of 24 (33.3%) patients had achieved the presence of sperm in seminal fluid samples, and the mean sperm concentration was 5.51 6 3.36 million/mL at 3 months. The mean pulsatile GnRH dose throughout this period was 10.3 6 0.8 mg/90 minutes (n = 24).
At 1 month, serum LH levels increased to within the normal range in 23 of 24 cases and testosterone levels were significantly increased in 18 of 23 patients. 6 .71 IU/L, 6.14 IU/L, and 6.64 IU/L, respectively, whereas their testosterone levels were very low and undetectable, unchanged from pretherapy baseline levels. At 3 months, LH and FSH levels were maintained In the response group, 8 of 24 patients received current GH therapy. The spermatogenic rate was 50% (4 of 8) and 25% (4 of 16), respectively (P = 0.363) in the GH and non-GH therapy subgroups.
Poor-response group (n = 16) After 3 months, this group showed an increase in LH levels from 0.19 6 0.29 IU/L to 1.09 6 0.77 IU/L (P = 0.002) and FSH levels increased from 0.53 6 0.50 IU/L to 3.19 6 1.75 IU/L (P = 0.001) (Fig. 2) . Although serum testosterone levels remained unchanged and as low as 0 nmol/L after pulsatile GnRH treatment, testicular volume increased slightly from 1.9 6 0.7 mL to 2.9 6 2.0 mL (P = 0.018). Of these patients, 50% (8 of 16) had LH levels ,1.0 IU/L, indicating pituitary resistance to GnRH therapy or gonadotrophic cell deficiency. The remaining 50% had LH levels .1.0 IU/L, with serum testosterone levels that did not increase. This result suggested that gonadotropin axis function may have been partially activated. It is possible that with a longer treatment duration, the testicular volume may have increased further. The mean pulsatile GnRH dose for this group was 12.961.4 mg/90 minutes (n = 16).
Predictive factors
Patients were divided into four subgroups according to their serum LH levels at 1 month. Group 1 was defined as LH $ 3.0 IU/L; group 2 as 2.0 # LH , 3.0 IU/L; group 3 as 1.0 # LH , 2.0 IU/L; and group 4 as LH , 1.0 IU/L (Table 3 ; Supplemental Fig. 2) . At 3 months, 100% (18 of 18) of patients in group 1, 50% (4 of 8) of patients in group 2, 16.7% (1 of 6) of patients in group 3, and 12.5% (1 of 8) of patients in group 4 had normal LH and FSH levels and a low-normal to normal range of serum testosterone. Others had a slightly elevated or a below-normal range for LH and FSH levels along with undetectable serum testosterone levels or levels that showed no increase after treatment. Consequently, serum LH levels .3 IU/L at 1 month seemed to suggest a good response to continued pulsatile GnRH therapy, LH levels ,2 IU/L at 1 month seemed to suggest a poor response, but those with LH levels between 2 IU/L and 3 IU/L will require longer follow-up times before any definitive conclusions can be made.
Finally, we used binary logistic analysis and determined that pituitary height (P = 0.308), MRI pituitary stalk Figure 2. Changes to (a, b) gonadotropins, (c) testosterone, and (d) testicular volume during pulsatile GnRH therapy in the poor-response group (n = 16). In general, gonadotropin levels and testicular volumes tended to increase gradually during the 3 months of treatment. In (c), the number of patients sharing the same testosterone values is indicated above the line. T, testosterone.
visibility (P = 0.619), presence of other pituitary hormone deficiencies (P = 0.196), baseline LH levels (P = 0.779), and baseline testicular volume (P = 0.202) were not predictive for response to pulsatile GnRH therapy (Table 4) .
Genetic screening
Genomic DNA was extracted from peripheral-blood leukocytes of 25 of 40 participants (Supplemental Table 1) using the QIAGEN Mini Blood kit according to the manufacturer's instructions. All exonic and proximal intronic (minimum 10 bp from the splice site) DNA sequences of 85 candidate genes involved in pituitary development were screened by targeted next-generation sequencing. Gene mutations in PROP1, HESX1, POU1F1, LHX3, LHX4, OTX2, PITX2, SOX2, SOX3, TBX19 and GPR161 (Supplemental Table 2 ), which were previously reported in patients with CCPHD, were not detected in any of the 25 patients studied. Ongoing work in our research group is addressing the contribution of the other possible genes to CCPHD. Therefore, the relationship between gene mutations and the response to GnRH therapy could not be clarified.
Discussion
This study focused on male patients with CCPHD and found that 60% of them responded to GnRH therapy.
This surprising finding suggests the existence of a gonadotrophic cell reservoir in the pituitary gland of these patients, despite their hypogonadotropic hypogonadism. This large study that has revealed the effectiveness of pulsatile GnRH therapy in restoring pituitary-gonadal axis function in patients with CCPHD.
Previous studies have shown that pulsatile GnRH therapy is effective in inducing virilization and spermatogenesis in patients with isolated congenital hypogonadotropic hypogonadism (16, 17, 25) . Moreover, some case reports have demonstrated effectiveness of pulsatile GnRH therapy in patients with acquired hypopituitarism caused by pituitary tumor resection or cranial radiotherapy (26) . An earlier study included six patients with CCPHD and used 36 hours of pulsatile GnRH stimulation. These results showed a rise in both LH and FSH levels (median LH increased from 1.6 IU/L to 2.55 IU/L, and median FSH increased from 1.4 IU/L to 2.95 IU/L) but no change in serum testosterone levels (27) . These limited studies led to the following hypothesis: If some gonadotrophic cells survived in the damaged pituitary, they may be responsive to pulsatile GnRH therapy. Our study added support for this hypothesis through use of a larger sample of patients with CCPHD.
In the response group, LH and FSH serum levels increased to within the normal range. Furthermore, testosterone increased to the low-normal or normal range after 3 months of treatment. Five cases showed increased LH and FSH levels to within the normal range after 1 month of therapy. However, their testosterone levels did not increase significantly even after 3 months of treatment. These findings indicated that testosterone increases tend to lag behind the increase seen in gonadotropin levels. This phenomenon has been observed during the progression of normal pubertal development. During this process, LH increases at the very beginning of puberty onset, with testosterone levels showing a delayed, more gradual increase (28, 29) . This phenomenon suggests that pulsatile GnRH therapy may mimic a pubertal developmental course, thus making it a more physiologic therapy. Similar phenomena have also been observed in patients with congenital hypogonadotropic hypogonadism (17) and with hypopituitarism (26) treated with pulsatile GnRH. How long should we treat patients with pulsatile GnRH before we declare its effectiveness (or failure)? For patients with isolated congenital hypogonadotropic hypogonadism, gonadotropins increase within 1 to 7 days after pulsatile GnRH therapy (18) and testosterone increases in 1 to 3 months. For patients with CCPHD, it seems that a longer time is required for reactivation of the gonadal axis. Our data have shown that, between 1 and 3 months of treatment, five additional patients became responsive. This suggests that 1 month of treatment may not be a sufficient period to identify all patients who will respond well. Furthermore, in the poor-response group, both LH and FSH levels and testicular size tended to continue to increase during the 3 months of treatment (Fig. 2) . It can be speculated that with a longer treatment duration, some patients in the poor-response group might achieve the ability to produce sufficient testosterone and achieve spermatogenesis. Therefore, clinicians and researchers should be prudent in their evaluation of the efficacy of pulsatile GnRH treatment in patients with CCPHD, particularly if their LH levels, FSH levels, and/ or testicular volumes are progressively increasing.
In our study, 8 of 24 patients (in the response group) achieved spermatogenesis after 3 months of treatment. This result revealed that pulsatile GnRH was effective at inducing spermatogenesis in at least some patients with CCPHD. Our previous study showed that spermatogenesis could be successfully induced in 100% of patients with CCPHD after 24 months of combined gonadotrophin therapy; the mean time until first sperm appearance in seminal fluid was 10.4 6 3.8 months (15) . Although head-to-head comparison studies are lacking, it appears that pulsatile GnRH therapy may be equal or superior to combined gonadotropin therapy, at least in some patients, because the former can produce more physiologic levels of gonadotropins. Moreover, we did not find that higher serum testosterone levels during treatment were associated with better spermatogenesis. In this series, the 8 patients who had the appearance of sperm in their semen after 3 months of treatment had serum testosterone levels of 4.09 to 18.04 nmol/L. Interestingly, this mimics normal pubertal development, in which adolescents with testicular size greater than 4 mL may have the appearance of sperm in the ejaculate or urine, regardless of their testosterone levels (30) .
In our patient population, 40% responded poorly to GnRH therapy after 3 months of treatment. In this poorresponse group, 50% (8 of 16) had LH levels ,1 IU/L, indicating pituitary resistance to pulsatile GnRH or gonadotrophic cell deficiency. The remaining 50% had LH levels .1 IU/L, with low testosterone levels, indicating insufficient gonadotropin secretion, testicular impairment, or short treatment duration. It is possible that with a longer treatment time, serum gonadotropin and testosterone levels in addition to testicular volume may increase further. The varied response to GnRH therapy may relate to the severity of pituitary gonadotrope impairment, or gonadal responses (16) , depending on the nature of the etiology/pathophysiology.
Caution should still be taken with these results in that a hypothesized pituitary gonadotroph reservoir is difficult to evaluate by using short periods of pulsatile GnRH therapy. Because the remaining GnRH receptors on gonadotrophic cells may be downregulated because of a lack of trophic stimulation, the initial administration of pulsatile GnRH would produce a priming effect on gonadotrophic cells before actual, functional activation of the hypothalamicpituitary-testis axis. As expected, our study showed that LH and FSH levels slowly and progressively increased during the first month of treatment, after which they were maintained at a relatively normal level. Similar phenomena have also been observed in patients with isolated congenital hypogonadotropic hypogonadism (17) . It seems that longer time periods are required for gonadotrophic cells to synchronize in order to produce gonadotropins in patients with CCPHD.
The mechanism of hormonal response to pulsatile GnRH therapy may involve two components. First, there is a gonadotrophic cell reserve in the pituitary. As other work has shown, anterior pituitary gland function can remain "normal" even after most of the gland has been destroyed, as in Sheehan syndrome or empty sella syndrome. For patients with CCPHD, although the pituitary gland looks dysplastic on MRI examination, gonadotrophic cells may still remain that can respond to stimulation by pulsatile GnRH. Second, gonadotroph cell regeneration from the pluripotent stem cells may play an important role. Stem/progenitor cells have been identified in the pituitary gland (31) . Recent studies have shown that SOX2-and SOX9-expressing progenitors can differentiate into the appropriate endocrine cell types in response to physiologic stress (32) . Although the cell turnover rate in the pituitary is as low as 1.58% per day, the number of hormone-producing cells could change according to physiologic demands. For example, the number of prolactin-producing cells may increase during pregnancy and lactation (33) . Therefore, it is expected that gonadotroph regeneration may partly contribute to the increased gonadotropin production after 3 months of treatment. Regardless, our results have shown that a gonadotroph cell reservoir is sufficiently activated by pulsatile GnRH therapy-despite pituitary hypoplasia.
We attempted to identify markers that could predict treatment outcomes with pulsatile GnRH therapy. All patients with LH levels greater than 3.0 IU/L (n = 18) after 1 month of treatment were in the response group and 85.7% of patients with LH levels ,2.0 IU/L (n = 14) after 1 month of treatment were in the poor-response group. These results indicate that a higher level of LH at the 1-month treatment time point was a favorable predictor for later outcomes. We found that neither pituitary height nor stalk visibility was correlated with treatment outcome. In addition, no pathogenic gene mutations were identified in our patients. This therefore makes it difficult to predict outcomes by genotype.
In this study, the prevalence of perinatal complications (e.g., breech delivery) was 100%. These data are much higher than in previous reports (1, 2, 13, 34, 35) , suggesting a close relationship between breech delivery and CCPDH. However, a causal role of breech delivery in CCPDH has not been well established. Mutations in some genes, such as PROP1, HESX1, POU1F1, LHX3, and LHX4, have been identified in ,5% patients with CCPHD, suggesting a genetic cause. We did not identify any pathogenic mutations in the aforementioned genes in our cohort. Although it remains possible that unidentified genetic defects contributed to CCPHD in some (or all) of the patients in this study, we did find a clear association with perinatal complications in all studied patients. Given this, environmental factors probably play key roles in the development of CCPHD. However, additional study is needed to further evaluate the underlying, causal mechanisms.
The main advantage of our study was its large sample size, with few confounding factors. Participants all presented with similar clinical and MRI manifestations, including hypopituitarism, pituitary dysplasia, and stalk interruption. This large study investigated the effect of pulsatile GnRH in patients with CCPHD. Some limitations should be briefly mentioned. First, if a longer treatment period were used, results might show more patients who are responsive to pulsatile GnRH therapy, ultimately resulting in successful sperm production. Second, the GnRH dose in this study was based on work done in patients with congenital hypogonadotropic hypogonadism (22) in which the maximum dose was approximately 200 ng/kg. It has been reported that for some female patients with congenital hypogonadotropic hypogonadism, further increases of GnRH doses to 250 ng/kg may stimulate gonadotropin secretion (36) . Thus, it is possible that further increases in the GnRH dose may overcome pituitary resistance and result in more patients being responsive to pulsatile GnRH therapy.
In conclusion, pulsatile GnRH therapy restored pituitary-testis axis function in approximately 60% of patients with CCPHD. This study provides insight into CCPDH, in that gonadotroph cell reservoirs may remain in many patients, despite pituitary aplasia or dysplasia.
